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(54) INSTRUMENT FOR MEASURING GLUCOSE CONCENTRATION 

(57)Abstract: 

PROBLEM TO BE SOLVED; To provide a compact, 
noninvasive and highly precise glucose- concentration 
measuring instrument. 

SOLUTION: This measuring instrument is provided with 
an absorption spectrum detector 1 1 for detecting 
absorption spectra using a measurement object press- 
connected to an ATR prism 12 by a spectrum detecting 
part 13, using intermediate-infrared rays emitted from a 
light source 11, and a PCA arithmetic unit 20 for 
calculating the glucose concentration of the measuring 
object using a principal component analysis method 
(PCA), based on the absorption spectra detected by 
the spectrum detector 1 1 , using a load corresponding - 
to glucose stored in a loading storage part 24 and a "X 
personal data, by an working curve stored in a personal 
data storage part 28. 
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♦ NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Glucose density measurement equipment equipped with a detection means to detect 
the absorption spectrum reinforcement of the sample containing the glucose in an inside 
infrared region by total reflection attenuation spectroscopy, a means to compute loading 
corresponding to a glucose in a principal-component-analysis method based on the absorption 
spectrum reinforcement detected with said detection means, and a means to memorize loading 
corresponding to said glucose. 

[Claim 2] A detection means to detect the absorption spectrum reinforcement of the sample 
containing the glucose in an inside infrared region by total reflection attenuation spectroscopy, 
A means to compute loading corresponding to a glucose in a principal-component-analysis 
method based on the absorption spectrum reinforcement detected with said detection means, A 
score decision means to determine the score as an expansion coefficient by loading of the 
absorption spectrum reinforcement concerned based on said absorption spectrum 
reinforcement and loading. Glucose density measurement equipment equipped with a 
calibration-curve storage means to memorize the calibration curve which matches said score 
and glucose concentration. 

[Claim 3] Glucose density measurement equipment [ equipped with a concentration decision 
means to determine glucose concentration with reference to said calibration curve about the 
score determined with said score decision means ] according to claim 2. 
[Claim 4] By means to memorize loading corresponding to a glucose in the principal- 
component-analysis method of the sample containing a glucose, calibration-curve storage 
means to memorize the calibration curve which matches a score and glucose concentration, and 
total reflection attenuation spectroscopy A detection means to detect the absorption spectrum 
reinforcement of the sample containing the glucose in an inside infrared region, A score decision 
means to determine the score as an expansion coefficient by loading of the absorption 
spectrum reinforcement concerned based on said loading and absorption spectrum 
reinforcement, Glucose density measurement equipment equipped with a concentration decision 
means to determine glucose concentration with reference to said calibration curve about the 
score determined with said score decision means. 

[Claim 5] Glucose density measurement equipment equipped with a calibration-curve storage 
means to memorize the calibration curve which matches a detection means to detect the 
absorption spectrum reinforcement of the sample containing the glucose in an inside infrared 
region by total reflection attenuation spectroscopy, a spectral intensity decision means to 
determine the spectral intensity of a glucose by deducting the absorption spectrum of the 
background matter from said absorption spectrum reinforcement, and said spectral intensity and 
glucose concentration. 

[Claim 6] Glucose density measurement equipment [ equipped with a concentration decision 
means to determine glucose concentration with reference to said calibration curve about the 
spectral intensity of the glucose determined with said spectral intensity decision means ] 
according to claim 5. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the glucose density measurement equipment 
which measures glucose concentration from the absorption spectrum of inside infrared light 
[0002] 

[Description of the Prior Art] Conventionally, the blood sugar level measuring device which 
measures a patient s blood sugar level is offered for the purpose of a diagnosis of illnesses, 
such as diabetes mellitus, or a therapy. There is a simple blood sugar level measuring 
instrument which measures the blood sugar level in the conventional blood sugar level 
measuring device from the automatic analyzer which analyzes the blood which collected blood 
automatically, and the little blood which carried out the puncture of a fingertip or the earlobe, 
and obtained it. 

[0003] However, the blood sugar level measuring device which uses the above-mentioned blood 
gives a patient pain for blood extraction (invasion), and has disadvantageous profit that there is 
danger, such as an infectious disease. For this reason, such a blood sugar level measuring 
device tended to be kept at arm's length by the patient, and it was difficult for it for being 
needed for a patient to apply for severe blood sugar level control. 

[0004] So, blood is not extracted but the blood sugar level measuring device which can measure 
the blood sugar level is proposed by those (non-invasion) without being accompanied by a 
patient's pain. For example, the blood sugar measuring device which measures the blood sugar 
level by transderma using near-infrared light is proposed, and some from which the clinical trial 
has already begun in the U.S. are in it. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, the blood sugar level measuring device 
using the above-mentioned near-infrared light has an error as high as about **20% about 
glucose concentration, and its equipment is large-sized, for this reason — for example, for the 
purpose like blood sugar level control of a patient, by the non-invasion which a patient can use 
daily, the precision of glucose density measurement is high and a small blood sugar level 
measuring device is desired. 

[0006] This invention is proposed in order to solve the above-mentioned actual condition, and it 
is non-invasion, its accuracy of measurement is high, and it aims at offering small glucose 
density measurement equipment. 
[0007] 

[The means for solving invention] In order to solve the above-mentioned technical problem, the 
glucose density measurement equipment concerning this invention is equipped with a detection 
means detect the absorption spectrum reinforcement of the sample containing the glucose in an 
inside infrared region by total reflection attenuation spectroscopy, a means compute loading 
(loading) corresponding to a glucose in a principal-component-analysis method (Principal 
Component Analysis;PCA) based on the absorption spectrum reinforcement detected with said 
detection means, and a means memorize loading corresponding to said glucose. 
[0008] Here, loading is also called an abstract vector (abstract vector) or an abstract spectrum 
(abstract spectrum), and is equivalent to the orthogonal basis of the vector space constituted 
with an absorption spectrum. 

[0009] Moreover, a score is the amount of maps to the direction of loading corresponding to the 



http:/ / www4.ipdl.ncipi.go.jp/ cgi-bin/tran_web_cgi_ejje 



2006/05/01 



JP,2003-042948,A [DETAILED DESCRIPTION] 2/2 

glucose of the absorption spectrum standardized after measuring. Therefore, a score calculates 
the inner product of the absorption spectrum standardized after measuring, and loading 
corresponding to a glucose, and is obtained. 

[0010] Preferably the glucose density measurement equipment concerning this invention A 
detection means to detect the absorption spectrum reinforcement of the sample containing the 
glucose in an inside infrared region by total reflection attenuation spectroscopy. 
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* NOTICES * 

JPO and NCiPl are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the glucose density measurement equipment 
which measures glucose concentration from the absorption spectrum of inside infrared light. 
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* NOTICES * 

JPO and NCIPl are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] Conventionally, the blood sugar level measuring device which 
measures a patient's blood sugar level is offered for the purpose of a diagnosis of illnesses, 
such as diabetes mellitus, or a therapy. There is a simple blood sugar level measuring 
instrument which measures the blood sugar level in the conventional blood sugar level 
measuring device from the automatic analyzer which analyzes the blood which collected blood 
automatically, and the little blood which carried out the puncture of a fingertip or the earlobe, 
and obtained it. 

[0003] However, the blood sugar level measuring device which uses the above-mentioned blood 
gives a patient pain for blood extraction (invasion), and has disadvantageous profit that there is 
danger, such as an infectious disease. For this reason, such a blood sugar level measuring 
device tended to be kept at arm's length by the patient, and it was difficult for it for being 
needed for a patient to apply for severe blood sugar level control. 

[0004] So, blood is not extracted but the blood sugar level measuring device which can measure 
the blood sugar level is proposed by those (non-invasion) without being accompanied by a 
patient's pain. For example, the blood sugar measuring device which measures the blood sugar 
level by transderma using near-infrared light is proposed, and some from which the clinical trial 
has already begun in the U.S. are in it. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] As mentioned above, according to this invention, without giving a 
patient pain (non-invasion), the accuracy of measurement whose measurement is possible is 
high, and can offer small glucose density measurement equipment. 

[0140] Therefore, blood sugar concentration can be measured without worries about pain or an 
infectious disease only by putting a patient's finger or palm on glucose density measurement 
equipment. Moreover, severe blood sugar level control by the patient itself who tended to be 
kept at arm's length by the patient until now can also be easily performed now. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] By the way, the blood sugar level measuring device 
using the above-mentioned near-infrared light has an error as high as about **20% about 
glucose concentration, and its equipment is large-sized, for this reason — for example, for the 
purpose like blood sugar level control of a patient, by the non-invasion which a patient can use 
daily, the precision of glucose density measurement is high and a small blood sugar level 
measuring device is desired. 

[0006] This invention is proposed in order to solve the above-mentioned actual condition, and it 
is non-invasion, its accuracy of measurement is high, and it aims at offering small glucose 
density measurement equipment. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



MEANS 



[The means for solving invention] In order to solve the above-mentioned technical problem, the 
glucose density measurement equipment concerning this invention is equipped with a detection 
means detect the absorption spectrum reinforcement of the sample containing the glucose in an 
inside infrared region by total reflection attenuation spectroscopy, a means compute loading 
(loading) corresponding to a glucose in a principal-component-analysis method (Principal 
Component Analysis.PCA) based on the absorption spectrum reinforcement detected with said 
detection means, and a means memorize loading corresponding to said glucose. 
[0008] Here, loading is also called an abstract vector (abstract vector) or an abstract spectrum 
(abstract spectrum), and is equivalent to the orthogonal basis of the vector space constituted 
with an absorption spectrum. 

[0009] Moreover, a score is the amount of maps to the direction of loading corresponding to the 
glucose of the absorption spectrum standardized after measuring. Therefore, a score calculates 
the inner product of the absorption spectrum standardized after measuring, and loading 
corresponding to a glucose, and is obtained. 

[0010] Preferably the glucose density measurement equipment concerning this invention A 
detection means to detect the absorption spectrum reinforcement of the sample containing the 
glucose in an inside infrared region by total reflection attenuation spectroscopy, A means to 
compute loading corresponding to a glucose in a principal-component-analysis method based on 
the absorption spectrum reinforcement detected with said detection means. Based on said 
absorption spectrum reinforcement and loading, it has a score decision means to determine the 
score as an expansion coefficient by loading of the absorption spectrum reinforcement 
concerned. 

[0011] Preferably, the glucose density measurement equipment concerning this invention is 
equipped with a concentration decision means to determine glucose concentration with 
reference to said calibration curve about the score determined with said score decision means. 
[0012] Preferably the glucose density measurement equipment concerning this invention By 
means to memorize loading corresponding to a glucose in the principal-component-analysis 
method of the sample containing a glucose, calibration-curve storage means to memorize the 
calibration curve which matches a score and glucose concentration, and total reflection 
attenuation spectroscopy A detection means to detect the absorption spectrum reinforcement 
of the sample containing the glucose in an inside infrared region, A score decision means to 
determine the score as an expansion coefficient by loading of the absorption spectrum 
reinforcement concerned based on said loading and absorption spectrum reinforcement. It has a 
concentration decision means to determine glucose concentration with reference to said 
calibration curve about the score determined with said score decision means. 
[0013] That is, as for a detection means, in the glucose density measurement equipment 
concerning this invention, it is desirable to detect the absorption spectrum by the total 
reflection attenuation spectroscopy of the sample which uses the beam of light of an infrared 
wavelength field while being outputted from for example, the nichrome wire light source, the 
silicon carbide light source, the ceramic light source, etc., for example, serves as the measuring 
object using total reflection attenuation (Attenuated Total Reflection;ATR) prism, an ATR fiber, 
etc. 

[0014] As for a means to compute loading, it is desirable to compute loading corresponding to a 
glucose using for example, a principal-component-analysis method or PLS (Partial Least 
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Square). 

[0015] As for a spectral intensity decision means to determine the spectral intensity of a 
glucose, it is desirable to determine the spectral intensity of a glucose with the score (score) 
obtained as an inner product of the spectrum detected for example, with the detection means 
and loading corresponding to a glucose. 

[0016] As for a calibration-curve storage means, it is desirable to memorize the 
correspondence relation between glucose concentration and the score computed by the 
principal-component-analysis method or PLS as a calibration curve. 

[0017] A concentration decision means is contrasting the score determined with the score 
decision means, and the calibration curve memorized by the calibration-curve storage means, 
and it is desirable to determine glucose concentration. 

[0018] Preferably, the glucose density measurement equipment concerning this invention is 
equipped with a calibration-curve storage means to memorize the calibration curve which 
matches a detection means to detect the absorption spectrum reinforcement of the sample 
containing the glucose in an inside infrared region, a spectral intensity decision means to 
determine the spectral intensity of a glucose by deducting the absorption spectrum of the 
background matter from said absorption spectrum reinforcement, and said spectral intensity and 
glucose concentration, by total reflection attenuation spectroscopy. 
[0019] It has a concentration decision means to determine glucose concentration with 
reference to said calibration curve preferably about the spectral intensity of the glucose 
determined with said spectral intensity decision means. 
[0020] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of the glucose density 
measurement approach concerning this invention is explained to a detail with reference to a 
drawing. 

[0021] Dl^wing 1 is the block diagram showing the rough configuration of the glucose density 
measurement equipment which applied this invention. 

[0022] Glucose density measurement equipment is equipped with the absorption spectrum 
detection equipment 10 which detects the absorption spectrum of infrared light while being 
based on the measuring objects, such as a finger of the body, and the PCA arithmetic unit 20 
which gives the principal-component-analysis method (Principal Component Analysis;PCA) of 
multivariate analysis to the absorption spectrum detected with this absorption spectrum 
detection equipment 10, and measures glucose concentration. 

[0023] Absorption spectrum detection equipment 10 is made as [ measure / in the wavelength 
range of inside infrared rays / by total reflection attenuation spectroscopy / the absorption 
spectrum of the measuring object ] by sticking the measuring object to the particular part in the 
principal plane of a case by pressure. The wave number can use the inside infrared light of the 
field of 750-4000cm-1 for absorption spectrum equipment 10. 

[0024] Incidence of the absorption spectrum detection equipment 10 was carried out in the 
beam of light by which outgoing radiation was carried out from the light source 1 1 which carries 
out outgoing radiation of the beam of light of inside infrared rays, and the light source 1 1 , and it 
is equipped with the total reflection attenuation (Attenuated Total RefIection;ATR) prism 1 2 
which detects absorption by the measuring object, and the spectrum detector 13 which detects 
the spectral intensity of the beam of light which passed the ATR prism 12. 
[0025] The light source 1 0 can carry out outgoing radiation of the beam of light of the 
wavelength range of inside infrared rays, and the Nichrome light source, the silicon carbide light 
source, or the ceramic light source can be used for it. The light source has predetermined skin 
temperature and outputs a continuous spectrum in the wavelength range of inside infrared rays. 

[0026] In addition, in the wavelength range of inside infrared rays, absorption by the criteria 
molecular vibration of a glucose is directly detectable. On the other hand, in the near-infrared 
wavelength range, detection of the molecular vibration of a glucose is based on a twice or 3 
times as many harmonic overtone as this and combination tone. 

[0027] The ATR prism 12 is used for the total reflection attenuation spectroscopy which 
measures absorption by the measuring object by sticking the measuring object to a reflector by 
pressure. 

[0028] Since it has borne in mind measuring a patient's blood sugar level with the gestalt of this 
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operation, the measuring object of the ATR prism 12 is the body. Measurement is performed by 
sticking the finger of the body, for example, the fifth finger, to the ATR prism 12 by pressure. 
The absorption inside the skin of the body is detectable with this. 

[0029] The prism of the single reflection by ZnSe, germanium, or the diamond or a multiple echo 
can be used for the ATR prism 12. 

[0030] Drawing 2 is the sectional view showing the example of ATR prism. 
[0031] The ATR prism 12 consists of ZnSe, germanium, or a diamond, and carries out total 
reflection of the beam of light which carried out incidence in reflector 1 la. The ATR prism 12 is 
installed so that reflector 1 1 a may be located in principal plane 10a of the case of the 
absorption spectrum measuring device 10. Measurement is performed by sticking the finger of 
the body to reflector 11a in principal plane 10a by pressure. 

[0032] In drawing 1 , the spectrum detector 13 can carry out spectral decomposition of the 
beam of light which carried out incidence from the ATR prism 12, and can detect spectral 
intensity, and a distributed infrared spectrophotometer or the fourier infrared 
spectrophotometer can be used for it. 

[0033] In addition, detection of the absorption spectrum in absorption spectrum detection 
equipment 10 can raise precision in integrating over multiple times. Absorption spectrum 
detection equipment 1 0 outputs the average of for example, 32 times addition. 
[0034] The PCA arithmetic unit 20 Anal, by the Hasegawa ** (T.Hasegawa) With Chem. and the 
paper "the microchemistry kind detection (Detectionof Minute Chemical Species by Principal- 
Component Analysis) by the principal-component-analysis method" carried by 71 (1999) 3085 
Glucose concentration is computed based on the theory of the microchemistry kind detection 
(Factor Analytical Resolution of Minute Signals; FARMS) by proposed PCA. 
[0035] The PCA arithmetic unit 20 computes the spectrum which is equivalent to a glucose 
from the absorption spectrum of the lot detected with absorption spectrum detection 
equipment 10, is contrasting the reference value of the glucose concentration corresponding to 
this absorption spectrum inputted from the outside, and creates the personal data based on the 
calibration curve of glucose concentration. Once it creates personal data, the PCA measuring 
device 20 will compute glucose concentration by contrasting with personal data the absorption 
spectrum detected with absorption spectrum equipment 10. 

[0036] The PCA arithmetic unit 20 is equipped with the covariance generation section 22 which 
generates the covariance matrix which is a kind of a matrix of correlation from the absorption 
spectrum of the lot stored in the spectrum storing section 21 which stores the data of the 
absorption spectrum inputted into the PCA arithmetic unit 20 from absorption spectrum 
detection equipment 10, and the absorption spectrum storing section 21, and the loading 
calculation section 23 which computes loading from the covariance matrix generated in the 
covariance generation section 22. 

[0037] The spectrum storing section 21 stores the absorption spectrum of the lot supplied from 
absorption spectrum detection equipment 10. Semiconductor memory can be used for the 
spectrum storing section 21. 

[0038] The absorption spectrum of this lot can be expressed in procession as measurement 
data A. Measurement data A contains only the number which measured the absorption 
spectrum detected with absorption spectrum detection equipment 10 as a row vector. Although 
the following explanation is given based on such measurement data A, measurement data A may 
contain only the number which measured the absorption spectrum as a column vector. 
[0039] In addition, since the absorption spectrum detected with absorption spectrum detection 
equipment 10 includes the effect of the carbon dioxide gas in atmospheric air, it removes this. 
Furthermore, predetermined standardization is given in order to remove the effect by Measuring 
conditions, such as a contact condition of a finger. That is, the spectral intensity detected by 
the spectrum detecting element 13 is standardized by breaking a spectrum by the integral value, 
although dispersion is in reinforcement since the adhesion area by the difference in a pressure 
added when a finger is made to stick to the ATR prism 12 by pressure differs. 
[0040] The covariance-matrix generation section 22 generates a covariance matrix using the 
spectrum of the lot stored in the spectrum storing section 21. That is, the covariance-matrix 
generation section 22 computes a covariance matrix from the observation data A. A covariance 
matrix C is defined as follows. 

[0041] ! 
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[Equation 1] 



[0042] Here, for Cij, the element (i, j) of a covariance matrix C and Ini are [ the average of the 
n-th spectrum and N of the i-th component of the n-th spectrum and average In ] the number 
of spectrums. 

[0043] The loading calculation section 23 computes loading using the covariance matrix 
generated in the covariance-matrix generation section 22. 

[0044] The loading calculation section 23 computes the characteristic vector and loading of a 
covariance matrix which were generated in the covariance-matrix generation section 22. If it will 
consider that measurement data A is vector space and will decompose, a characteristic vector 
corresponds to orthogonal vectors and it is expressed by characteristic value which has 
contributed to each characteristic vector developing A space. 

[0045] Moreover, the PGA arithmetic unit 20 is equipped with the loading storing section 24 
which stores loading corresponding to a glucose among loading computed in the loading 
calculation section 23, and an absorption spectrum and the score calculation section 25 which 
computes a score from loading read from the loading storing section 24. 

[0046] The loading storing section 24 stores loading corresponding to the glucose computed in 
the loading calculation section 23. Semiconductor memory can be used for the loading storing 
section 24. In addition, the semantics of this loading is explained below. 

[0047] The score calculation section 25 computes a score using an absorption spectrum and 
loading corresponding to the glucose read from the loading storing section 24. 
[0048] The score calculation section 25 develops measurement data A as follows using said 
characteristic vector. 



[0050] Here, the amount vector tj of maps and orthogonal vectors pj are a score (score) and 
loading (loading), respectively. A score vector and a loading vector are collectively written also 
in procession T and P. 

[0051] Here, Matrix P is equivalent to the matrix of the characteristic vector for which it asked. 
About Matrix P. the 1st loading pi corresponds to an average spectrum. 

[0052] With the gestalt of this operation, a glucose is a trace-mixing object to the moisture, the 
protein, and the lipid used as the principal component of an absorption spectrum. If the theory 
of said FARMS is followed, the 2nd loading p2 or subsequent ones corresponds to a glucose. 
With the gestalt of this operation, glucose concentration is measured using such relation. 
[0053] The score corresponding to glucose concentration is obtained by taking the inner 
product of loading corresponding to absorption spectrum reinforcement and a glucose. The 
score calculation section 25 computes the score corresponding to a glucose by carrying out it 
in this way. In addition, below, the thing of the score corresponding to a glucose is made to only 
call a score. 

[0054] Furthermore, the PGA arithmetic unit 20 is equipped with the personal-data creation 
section 26 which creates personal data, and the personal-data storing section 28 which stores 
personal data from the glucose concentration inputted into the PCA arithmetic unit 20 from the 
score computed in the score calculation section 25. and the outside. 
[0055] The personal-data creation section 26 creates the personal data based on the 
calibration curve which shows the correspondence relation between a score and glucose 
concentration computed in the score calculation section 25 by making into a reference value 
glucose concentration inputted from the outside. 

[0056] That is, the personal-data creation section 26 creates the calibration curve which holds 
the correspondence relation between the score computed in the score calculation section 25, 
and the glucose concentration of each spectrum inputted from the outside about the spectrum 
of the lot stored in the spectrum storing section 21. 

[0057] The personal-data storing section 28 stores the personal data based on the calibration 



[0049] 
[Equation 2] 
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curve created in the personal-data creation section 26. Semiconductor memory can be used for 
the personal-data storing section 28. 

[0058] And the PCA arithmetic unit 20 is equipped with the glucose concentration calculation 
section 27 which computes glucose concentration based on the score computed in the score 
calculation section 25, and the personal data stored in the personal-data storing section 28. 
[0059] The glucose concentration calculation section 27 reads the calibration curve of the 
personal data stored in the personal-data storing section 28, and determines the glucose 
concentration corresponding to the score computed in the score calculation section 25. The 
glucose concentration calculation section 25 outputs the determined glucose concentration 
from the PCA arithmetic unit 20. This glucose concentration is outputted as measured value of 
glucose concentration from this glucose density measurement equipment. 
[0060] Since the glucose density measurement equipment constituted as mentioned above 
measures the measuring object by being stuck to the ATR prism 12 of absorption spectrum 
detection equipment by pressure, it is non-invasion. Moreover, this glucose density 
measurement equipment can miniaturize each part material of absorption spectrum detection 
equipment 10, and a miniaturization can be attained with constituting the PCA arithmetic unit 
20 from a semiconductor integrated circuit. 

[0061] Next, concrete actuation of the glucose density measurement equipment which has the 

above configurations is explained. 

[0062] Drawing 3 is a flow chart which shows the outline of the flow of the glucose density 
measurement in glucose density measurement equipment. 

[0063] In step S11, personal data are set as glucose density measurement equipment. A setup 
of personal data takes in a glucose by taking orally, and is performed by measuring aging of the 
glucose concentration in blood. 

[0064] For example, an absorption spectrum is measured with the absorption spectrum 
measuring device 10 of glucose density measurement equipment at the same time it measures 
the glucose concentration in blood for every predetermined time with other equipments, such as 
for example, a simple blood sugar level measuring device, after taking in the glucose of the 
specified quantity. The glucose concentration measured with other equipments is inputted using 
the pushbutton switch formed for example, in glucose density measurement equipment. 
[0065] Glucose concentration in the living body decreases with time amount. Correspondence 
relation with an absorption spectrum can be obtained about different glucose concentration by 
following, for example, measuring glucose concentration several times for every predetermined 
time. As mentioned above, the set-up personal data are held in the personal-data storing 
section 28 of the PCA arithmetic unit 20 as a calibration curve which indicated glucose 
concentration and the correspondence relation of a score. 

[0066] In step SI 2. a glucose measuring device measures glucose concentration using the 
personal data set up at step SI 1. In addition, since the personal data used for glucose density 
measurement differ for every individual of the measuring object, measurement of glucose 
concentration is effective only in the individual concerned. 

[0067] At this step SI 2, glucose concentration is computed by referring to the personal data 
set up at step S1 1 about the absorption spectrum measured with the absorption spectrum 
measuring device 10 of glucose density measurement equipment. In addition, about the concrete 
procedure of measurement of glucose concentration, it mentions later further. 
[0068] In step SI 3, it branches by whether measurement of the glucose concentration of step 
SI 2 is continued. That is, when continuing, glucose density measurement is repeated using the 
personal data set as step SI 2 at return and step S1 1. When not continuing, this step of a series 
of is ended. 

[0069] For example, glucose density measurement equipment ends this procedure of a series of, 
when it initializes by returning processing to step SI 2 automatically when glucose density 
measurement of step SI 2 is performed, for example, pushing a reset button. 
[0070] Drawing 4 is a flow chart which shows the concrete procedure of a personal-data setup. 
This procedure of a series of supports a personal-data setup of step S1 1 in drawin g 3 . 
[0071] In the following concrete procedures, after a certain individual's test subject takes in a 
glucose by taking orally, he detects an absorption spectrum over a predetermined count, and 
assumes that the glucose concentration measured to coincidence with other equipments, such 
as for example, a simple blood sugar level measuring device, is inputted. The glucose 
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concentration measured with other equipments is 201mg/100mL before glucose intake, and 
changed [ progress / after intake / time amount ] with 271mg/100mU 410mg/100mU and 
352mg/100mL 

[0072] In step S21, the absorption spectrum detection equipment 10 of glucose density 
measurement equipment detects an absorption spectrum. In absorption spectrum detection 
equipment 1 0, while carrying out outgoing radiation of the light source 1 1 , an infrared beam of 
light receives absorption from the measuring object stuck to the reflector of this ATR prism 12 
by pressure in the ATR prism 12. 

[0073] With the gestalt of this operation, the beam of light which carried out incidence to the 
ATR prism 12 receives absorption with the finger of the body used as the measurement 
contrast stuck to the reflector of the ATR prism 12 by pressure. As for the beam of light which 
received absorption with the body in the ATR prism 12, spectral intensity is detected by the 
spectrum detecting element 1 3. 

[0074] First, the effect of the carbon dioxide gas in atmospheric air is removed from the 
spectral intensity detected by the spectrum detecting element 13. Moreover, since it is 
influenced of Measuring conditions, such as a contact condition of the measuring object to the 
ATR prism 12, that reinforcement is standardized in order to remove this effect. 
[0075] In step S22, the data of the absorption spectrum sent from absorption spectrum 
detection equipment 10 are stored in the spectrum storing section 21 with the PCA arithmetic 
unit 20 of glucose density measurement equipment. 

[0076] In step S23. the glucose concentration measured with other equipments is inputted into 
glucose density measurement equipment. The inputted glucose concentration is sent to the 
personal-data creation section 26 as a reference value in PCA checks equipment 20. 
[0077] In step S24, glucose density measurement equipment judges whether a pair of number of 
glucose concentration inputted at the absorption spectrum detected at step S21 and step S23 
reached the predetermined number. 

[0078] Glucose density measurement equipment will advance processing to step S25, if a pair of 
number judges with having reached the predetermined number. If it Judges with glucose density 
measurement equipment having not reached a predetermined number, processing will be 
returned to step S21. By this, corresponding glucose concentration is further inputted as an 
absorption spectrum. 

[0079] In step S25, with the PCA arithmetic unit 20 of glucose density measurement equipment, 
the spectrum of the lot stored in the spectrum storing section 21 is read, and it sends to the 
covariance-matrix generation section 22. 

[0080] Drawing 5 is drawing showing the spectrum of the lot read from the spectrum storing 
section. 

[0081] Curves a, b, c, and d support glucose concentration 410mg/100mL, 352mg/100mL, 
271mg/100mL, and 201mg/100mL, respectively. As for measurement, the wave number followed 
the wave number of 1671 pieces in 750cm-1-4000cm-1. An axis of ordinate is the 
reinforcement (arbitration unit) of an absorption spectrum. 

[0082] In step S26, the covariance-matrix generation section 22 of the PCA arithmetic unit 20 
generates a covariance matrix using the spectrum of a lot sent from the spectrum storing 
section 21. 

[0083] In step S27, the loading calculation section 23 of the PCA arithmetic unit 20 computes 
loading using the covariance matrix which the covariance-matrix generation section 22 
generated in step S25. 

[0084] The loading calculation section 23 computes the characteristic value and the 
characteristic vector of a covariance matrix. The characteristic value of said covariance matrix 
is as follows. 

[0085] [(1.119x10-3, 3.478x10-6, 9.132x10-7. 9.331x10-8) 0086] The percentage of said 
characteristic value is as follows. 

[0087] [(9.9608x10-1, 3.0961x10-3, 3.1289x10-4, 8.3060x10-5) 0088] This percentage is 
expressing which contributes to each characteristic vector developing space. 
[0089] Furthermore, the loading calculation section 23 has a characteristic vector 
corresponding to said characteristic value, and is taken as loading extracted from the spectrum 
of the lot stored in the spectrum storing section 21. As for the number of loading, only the 
number of characteristic value exists. 
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[0090] It is rare that loading of the same configuration as the spectrum of a glucose is included 
in extracted loading with the gestalt of this operation. This is because the component which 
contributes to the spectrum of the lot stored in the spectrum storing section 21 is various. 
However, as for at least one, loading reflecting a glucose exists. In order to find it out. the score 
of each spectrum is calculated by using each loading. 

[0091] In step S28, the loading storing section 24 of the PCA arithmetic unit 20 stores loading 
computed in the loading calculation section 23. 

[0092] In step S29, the score calculation section 25 of the PCA arithmetic unit 20 computes a 
score about each spectrum to each loading from the spectrum of the lot stored in the spectrum 
storing section 21, and loading stored in the loading storing section 24. 

[0093] Drawin g 6 is drawing showing the score corresponding to said loading. Only the number 
of the spectrums of a lot with which the number of the scores computed by each loading was 
stored in the spectrum storing section 21 exists. In addition, the blood sugar level with actual 
1st component of each vector - 4th component corresponds to 201mg/100mU 271mg/100mL, 
410mg / lOOmg; and 352mg/100mL. 

[0094] Although individual difference exists in whether the score computed by loading of what 
position is used with the gestalt of this operation, the score computed from loading 
corresponding to the 2nd large characteristic value to the 3rd is in actual glucose concentration 
and a good correlation. 

[0095] Drawing 7 is drawing which was created as a certain test subject's personal data and in 
which showing the relation between the score computed using the 2nd loading, and the 
surveyed blood sugar level. Between glucose concentration and a score, it can grasp existing 
the outstanding linearity. 

[0096] In step S30, the personal-data creation section 26 of the PCA arithmetic unit 20 creates 
the correspondence relation between the score of each spectrum computed in the score 
calculation section 25, and the glucose concentration about each spectrum inputted from the 
outside as a calibration curve using the least square method by straight-line approximation. It is 
the calibration curve by which the straight line in drawing 7 was created. 

[0097] In step S31, the personal-data storing section 28 of the PCA arithmetic unit 20 stores 
the calibration curve created as personal data in the personal~data creation section 26. 
[0098] Drawing 8 is a flow chart which shows the concrete procedure of glucose density 
measurement. This procedure of a series of supports the glucose density measurement of step 
SI 2 in drawing 3 R> 3. 

[0099] In step S41, the absorption spectrum detection equipment 10 of glucose density 
measurement equipment detects absorption spectrum reinforcement. Processing of this 
absorption spectrum detection is the same as that of step S21 of drawin g 4 . 
[0100] In step S42, in the case of the test subject who illustrated before, the 2nd loading stored 
in the loading storing section 24 is read, and it sends the PCA arithmetic unit 20 of a glucose 
measuring device to the score calculation section 25. 

[0101] In step S43, a score is computed in the score calculation section 25 of the PCA 
arithmetic unit 20 from the absorption spectrum detected with spectrum detection equipment 
10 in step S41. and the 2nd loading read from the loading storing section 24 in step S42. 
[0102] In step S44, the PCA arithmetic unit 20 reads the personal data based on a calibration 
curve from the personal-data storing section 28, and sends them to the glucose concentration 
calculation section 27. This calibration curve holds glucose concentration and the 
correspondence relation of a score, as shown in drawin g 7 . 

[0103] In step S45, the glucose concentration calculation section 27 of the PCA arithmetic unit 
20 is referring to the personal data read from the personal-data storing section 28 in step S44 
about the score computed in the score calculation section 25 in step S43, and computes 
glucose concentration. And the computed glucose concentration is outputted from this glucose 
density measurement equipment as measured value of glucose concentration. 
[0104] Drawing 9 is drawing which explains calculation of glucose concentration from the score 
by contrasting with a calibration curve. Supposing the score computed at step S43 is SI in 
drawing, 306mg/100mL will be obtained from a calibration curve as glucose concentration 
corresponding to a score SI. 

[0105] Since the observation blood sugar level at this time is 358mL/100mL, an error is -14.5%. 
thus — according to the glucose density measurement equipment by the gestalt of this 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web.cgi_ejje 



2006/05/01 



JP.2003-042948,A [MEANS] 



8/10 ^— V 



operation — **20% of the conventional example — if an error comparison is carried out. 
precision improves greatly. 

[0106] In addition, the spectrum storing section 21 in the PCA arithmetic unit 20, the 
covariance-matrix generation section 22, the loading calculation section 23, and the personal- 
data creation section 26 are used only in the case of the personal-data creation by the loading 
calculation and the calibration curve corresponding to a glucose so that clearly from the above- 
mentioned explanation. Therefore, when loading and the calibration curve corresponding to a 
glucose are given from the outside, the glucose density measurement equipment which omitted 
these parts can be constituted. 

[0107] Such glucose density measurement equipment of a configuration is inserting the medium 
of the shape for example, of a card, and reads loading and personal data corresponding to the 
individual who was recorded on this medium and who measures. The personal data based on 
loading and the calibration curve corresponding to the glucose measured beforehand in the 
hospital are recorded on said medium. Compared with the glucose density measurement 
equipment of the gestalt of this operation, as for such glucose density measurement equipment 
of a configuration, the miniaturization is attained further. It can follow, for example, can be easily 
used also at a house. 

[0108] Next, the glucose density measurement equipment which detects glucose concentration 
with a differential spectrum is explained as a modification of this invention. 
[0109] The differential-spectrum method indicated in for example, PR Griffith. Interscience by 
JIE A DEHASESU (P.R.Griffiths and J.A.de Haseth), "Fourier transform [ of infrared 
spectroscopy ] (Fourier Transform Infrared Spectroscopy)" Wiley, New York, and 1 986 (Wiley- 
Interscience, New York, 1986) is used for this modification. 

[0^ 10] Drawing 10 is the block diagram showing the configuration of the modification which 
detects glucose concentration with a differential spectrum. 

[01 1 1] The modification is equipped with the absorption spectrum detection equipment 10 which 
detects the absorption spectrum reinforcement of the measuring object, and the differential- 
spectrum equipment 30 which measures glucose concentration from the differential spectrum of 
the absorption spectrum detected with absorption spectrum detection equipment 10. 
[0112] Since absorption spectrum detection equipment 10 has the same configuration as the 
absorption spectrum equipment 10 shown in drawing 1 , it gives the same sign to a 
corresponding part, and omits explanation. 

[0113] Differential-spectrum equipment 30 is equipped with the spectrum storing section 31 
which stores the data of the spectrum of the lot detected with absorption spectrum detection 
equipment 10, and the differential-spectrum calculation section 32 which computes the 
differential spectrum of the spectrum of the lot stored in the spectrum storing section 31. 
[0114] The spectrum storing section 31 stores the spectrum of the lot detected with absorption 
spectrum detection equipment 10. Semiconductor memory can be used for the spectrum 
storing section 31. 

[0115] The differential-spectrum calculation section 32 computes a differential spectrum by 
taking the difference between spectrums about the spectrum of the lot stored in the spectrum 
storing section 31. The differential-spectrum calculation section 32 takes the difference of an 
absorption spectrum and the spectrum corresponding to the reference value of glucose 
concentration, and determines the spectral intensity of the glucose except the effect of the 
background matter. 

[01 1 6] Moreover, differential-spectrum equipment 30 is equipped with the personal-data 
calculation section 33 which computes personal data from the glucose concentration 
corresponding to the differential spectrum computed in the differential-spectrum calculation 
section 32, and each spectrum inputted from the outside, and the personal-data storing section 
34 which stores the personal data computed in the personal-data calculation section 33. 
[01 17] The personal-data calculation section 33 creates the personal data based on the 
calibration curve which indicated correspondence with the differential spectrum computed in 
the differential-spectrum calculation section 32, and the glucose concentration inputted from 
the outside. 

[0118] The personal-data storing section 34 stores the personal data computed in the 
personal-data calculation section 33. Semiconductor memory can be used for the personal-data 
storing section 34. 
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[01 1 9] Furthermore, differential-spectrum equipment 30 is equipped with the glucose 
concentration calculation section 35 which computes glucose concentration from the 
absorption spectrum detected with absorption spectrum detection equipment 10. and the 
personal data 34 stored in the personal-data storing section 34. 

[0120] The glucose concentration calculation section 35 reads the calibration curve of the 
personal data stored in the personal-data storing section 34 about the absorption spectrum 
detected with absorption spectrum detection equipment 10. And the glucose concentration of 
the differential spectrum corresponding to an absorption spectrum is computed, and it outputs 
from the glucose density measurement equipment of a modification as measured value of 
glucose concentration. 

[0121] Since the modification constituted as mentioned above measures the measuring object 
like the glucose density measurement equipment of the gestalt of operation mentioned above by 
being stuck to the ATR prism 1 2 of absorption spectrum detection equipment by pressure, it is 
non-invasion. Moreover, this modification can miniaturize each part material of absorption 
spectrum detection equipment 10, and a miniaturization can be attained with constituting the 
differential-spectrum arithmetic unit 30 from a semiconductor integrated circuit. 
[0122] Next, the procedure of the glucose density measurement in the modification which has 
the above configurations is explained. 

[0123] Glucose density measurement is performed also in this modification by procedure like 
above-mentioned drawing 3 . That is, personal data are set up in step S1 1. Once it sets up 
personal data, glucose density measurement of step SI 2 can be repeated and performed by 
referring to these personal data. 

[0124] Drawing 1 1 is a flow chart which shows the concrete procedure of a personal-data setup 
in a modification. 

[0125] In step S51. the absorption spectrum detection equipment 10 of glucose density 
measurement equipment detects absorption spectrum reinforcement from the finger of the body 
used as the measuring object. In step S52, the spectrum storing section 31 of the differential- 
spectrum equipment 30 of glucose density measurement equipment stores the spectrum 
detected with absorption spectrum detection equipment 10. In step S53, the numeric value of 
the glucose concentration measured with other equipments is inputted into glucose density 
measurement equipment. 

[0126] In step S54, the differential-spectrum equipment 30 of glucose density measurement 
equipment will advance processing to step S55, if a pair of number of the reference values of 
glucose concentration inputted from the spectrum stored in the spectrum storing section 31 
and the outside judges whether the predetermined number was reached and reaches a 
predetermined number, and if it has not reached a predetermined number, it will return 
processing to step S51. These steps S51-S54 are the same as steps S21-S23 in above- 
mentioned drawing 3 . 

[0127] In step S55, differential-spectrum equipment 30 reads the spectrum of the lot stored in 
the spectrum storing section 31. and sends this spectrum to the differential-spectrum 
calculation section 32. 

[0128] In step S56. the differential-spectrum calculation section 32 of differential-spectrum 
equipment 30 computes a differential spectrum by taking a difference with the spectrum 
corresponding to the reference value of glucose concentration about the spectrum of the lot 
read from the spectrum storing section 31. 

[0129] In step S57, the personal-data calculation section 33 of differential-spectrum equipment 
30 creates personal data by indicating correspondence relation with the glucose concentration 
corresponding to the differential spectrum computed in the differential-spectrum calculation 
section 33, and each spectrum inputted from the outside to a calibration curve. 
[0130] In step S58, the personal-data storing section 34 of differential-spectrum equipment 30 
stores the personal data computed in the personal-data calculation section 33. 
[0131] Drawing 12 is a flow chart which shows the concrete procedure of the glucose 
concentration calculation in a modification. 

[0132] In step S61, the absorption spectrum detection equipment 10 of glucose density 
measurement equipment detects the absorption spectrum of the measuring object. 
[0133] In step S62, the differential-spectrum section 30 of glucose density measurement 
equipment reads personal data from the personal-data storing section 34, and sends these 
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personal data to the glucose concentration calculation section 35. 

[0134] In step S63, the glucose concentration calculation section 35 of differential-spectrum 
equipment 30 computes glucose concentration by contrasting the absorption spectrum 
detected with absorption spectrum detection equipment 10 with the calibration curve of the 
personal data read from the personal-data storing section 34. And the computed glucose 
concentration is outputted from the glucose density measurement equipment of a modification 
as measured value of a glucose. 

[0135] In addition, the explanation mentioned above does not show the gestalt of 1 operation of 
this invention, and this invention is not restricted to this. For example, in the absorption 
spectrum measuring device 10, it can replace with ATR prism and an ATR fiber can also be 
used In this case, the absorption in the interior of the skin can be measured by sticking the 
palm of the body to an ATR fiber by pressure. 

[0136] Moreover, with the gestalt of the above-mentioned operation, although loading 
corresponding to the spectrum of a glucose was computed by the PCA operation in the PCA 
arithmetic unit 20. this invention is not limited to this. For example, an PCA operation and a 
PLS (Partial Least Square) operation can also be used together. 

[0137] Furthermore, with the gestalt of the above-mentioned operation, although the covariance 
matrix was used, this invention is not limited to this. For example, other matrices of correlation, 
such as a correlation coefficient matrix, can also be used. 

[0138] Without being limited to the gestalt of this operation, this invention is the range which 
does not deviate from this invention, and can take a various configuration. For example, it is 
applicable to an insulin automatic fluid delivery system also at the automatic control of the 
blood sugar level combining the glucose density measurement equipment concerning this 
invention. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the rough configuration of the glucose density 

measurement equipment which applied this invention. 

[Drawing 2] It is the sectional view showing the example of ATR prism. 

[Drawing 3] It is the flow chart which shows the outline of the flow of the glucose density 

measurement in glucose density measurement equipment. 

[ Drawing 4] It is the flow chart which shows the concrete procedure of a personal-data setup. 
[ Drawing 5 ] It is drawing showing the spectrum of the lot read from the spectrum storing 
section. 

[Drawing 6] It is drawing showing a score. 

[Drawing 7] It is drawing showing the calibration curve created as personal data. 
[Drawing 8] It is the flow chart which shows the concrete procedure of glucose density 
measurement. 

[ Drawing 9] It is drawing which explains calculation of glucose concentration from the score by 
contrasting with a calibration curve. 

[ Drawing 1 0] It is the block diagram showing the configuration of the glucose concentration 
detection equipment which detects glucose concentration with a differential spectrum. 
[Drawing 11] It is the flow chart which shows the concrete procedure of a personal-data setup 
in a modification. 

[Drawing 12] It is the flow chart which shows the concrete procedure of the glucose 
concentration calculation in a modification. 
[Description of Notations] 

10 Absorption Spectrum Detection Equipment 

1 1 Light Source 

1 2 ATR Prism 

13 Spectrum Detecting Element 

20 PGA Arithmetic Unit 

21 Spectrum Storing Section 

22 Covariance-Matrix Creation Section 

23 Loading Calculation Section 

24 Loading Storing Section 

25 Score Calculation Section 

26 Personal-Data Creation Section 

27 Glucose Concentration Calculation Section 

28 Personal-Data Storing Section 
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[000 1] 
t0002} 

$<^•cv^|,. 8S3lW)illi$lffla!^IIBtc:«. SjlllL3tJfil?R 
[0003] L*»L>5r*-'A,. B(rifi«?)JJl?S^«ffl-t.|.JllM 

fiai^^^ti, M.mmL<7)fz)i^^.^iz^mi:J^t (ft 

[0004] ^flVpx. . Jfil^SSrSK-e-r. .m^<OS?SS- 
a. 

[0005] 

^i^trmm-tt&mmm^mmii. ^^/ua-xmrn^zm 
x\ mmtf'BW^izmmx'^i,^^^. 4¥imx\ ir)v 
[0006] i^wm. mi&<nmmimm-htz^f.z^ 

[0007] 

«^3>3tatJ:'3, 'Pm\-mmX'cr>yjUa-x^-^tj^ 

^■Ji"^i"$T~^ (Principal Component Analysis ; PC A) 
(Cfclt-S, ^^;l'3-XtC^fl5-rSa— f -f y^'' (loadin 

g) Sr^mt-^^st . Hiiie^/i'3-x(c*rie-ri.n- 
[0008] :izx\ ^-"r-iy^f-i. ryxhy^h 

'<J? hyU (abstract vector) hh\'mTyxhy^ h 
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7.^9 Y)V (abstract spectrum) t tS^Sit, ilflXX 

[00 09] t.fz. ;^.3T{i, Wi'^l.fz^mmt^Mz 

(00 1 0] iif^ L<{i. ^wtmz<^h<r)vvi-xmm. 

[00 m »S L<{4, *:?^BH{r(^§j?Vl.=3-xigS 
[ 0 0 1 2 ] »^ L<{i, *f6Bjc«§ j/;i,r3-;^jgjS 

D— r-f V^tCi-SSg^mi: LX(r>xaT^mm-t^ 

[0013] ■r=5r*>-^. ^wmzi^^^'iva-xm.mm 
m\^WMiW^<^^i:mmL. mi.'.f'kKmmm. (At 

tenuated Total Reflection ; ATR) T^J XJ>.^AT 
^*^W^PLS (Partial Least Square) ^fflW, 

-X\,znm-th D— r' ^ ^j^'S-^tiJ-r s c: t *w 
[0015] i5'yP3-;?.<7)X'^^' b;l^®?ri^^-ri.;^ 

Pm.bLxnhKhxaT (score) {cj;"?, 



[0016] ^aiSieii^Sti- . ± 

ti^t^t i-xtm-ti>^btimtL\^, 
[0017] mB.m.^^mi. ^^irg^^ST-i^t^t 
tzxart. ^Mmim^'^izmm^fitz^kmiinm. 

m^mmi±. ^Rmmm^^mizi*)^ 'p^^i'mmx'cn 
9'ji^a-x^-^ts^m<r>miRx^9 hiu^^mta-th 

x^9 hfummt f^/ua-xmrnt trMmrsi't&imm 

[ 0 0 1 9 ] L < miix^9 hJl^&m^^fA 
X-m^^tifc9'jUa-x<7)X'^9 h;l^mz'y\^XmB 

i^iii?r#BBL, i^/ua-xm&irm^-t&m&m^^ 

[0020] 

mm^m<^mm(^mmi,z-:)\,^x . mm^mmLxmrn 
izmm-r&, 

[oo2i]iii(i, :^mi^mmLtiy/i'a-xmm 
[0022] i^ju::t-xmsm^^mi,i. miifAiiiffi 

h/mmmsi ox-mm^tifzm^x^^ h)uz$,^m. 

M^^iJ(Si^-!^W& (Principal Component Analysis; 

PC A) ^mLxvii'a-xm&^^-thPCAmn 
[0023] mM.x^7 V)vm^mmi oti, mum 
0, ^Kmmm'!ifitm\,zx'o^mv(o^^^mx'm'^ 

Mcot&iRX^^ h)Ui:m^X'^ i> J:olz^$ixX\^&. 

\&iRx^9 h/ums 1 oizii^ mti.mm'^? 5 0-4 
000 cm- 1 commco'^m^v^^mm-thztt^x'^ 

[0024 ] r^\^X^9 V)vm^^m. 1 Oti. 'pmv<r> 

^ (Attenuated Total Reflection ; ATR) T^) Xh, 

i2t. ATRr'jXAi 2^mmLt:^<r)X^9 h 
[0025] ^iS 1 0 (±, •4'#^'hO&:glKHc03mSra5 
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[ 0 0 2 6 ) ^m\'Cr>7&^mWiZ:^^^Xli. y)V 

J: l/S-g-^i'C J; t coTh h • 

[ 0 0 2 7 ] ATRriiXA 1 2ei. R^m^zm^M^ 
^sM'th^iti.zi.y)^ m^nmzxh^u^m&'th 
^mm^'ifmk^zm^^i^fih. 

[0028] ■^mm(7^mmx'it. ^M(D\mm^m^'t 

m^Mmt. Ai^Thh. mmt. atrtuxai 2 

[00 2 9] ATRryXAl 2(C(i:. CT;cCi'Z n S 
e . G e Xii^ >f r ^ > H J; -g>m-R|*X(i^fiR|^ 

[0 0 3 0]jl2(i. ATRy'^JXJ^cO^ii^m^^^m 

[003 1] ATRryXAl 2(i. Mt(fZ n S e , 

mi 1 a(Ci3V^T:^RIt-f--&o ATRT'JXAl 2(i. 
CTxtf®iRx^^ h;l/Sa^SSl 0c7)g*c0±® 1 0 a 

(i. M;ct?Af*^7)J&?r. ^ffil Oaf^co^S^pl l aic 

[0 0 3 2] laitcion^T. :^^9h}Vi^^^l 3(i. 
ATRryXAl 2)&>/i>AltL7^.:5m5';<^^h;U^J^«? 

[0 0 33] tc^^ ®JRX^^ h)m&mW:l OCCioCt 

^KiRx^:;^ hyi^co^^thii:^ mwmi^zhfz-^xmn^ h 

^aj^Si 0(i. Mxtf 3 2iHim^W^ffl^ai:;^-r 

[00 34] PCAjg^i:2 0ti:. (T. Has 

egawa) (^J:^Anal. Chem. , 71 ( 1999) 3085tCjitK$ 
r±ac;^^:«-tfrSCcJ;^{^S^t^at^ai (Detect 
ionof Minute Chemical Species by Principal-Compone 
nt Analysis) j {Zii-^X^S^tlfzP C Ai^zXhUS. 
-(L^S^tB (Factor Analytical Resolution of Minute 

Signals; F ARMS) (Tymk^zm^^^X^^fi^zJ—:^^ 

[0 0 3 5] PCA?Sg:^g2 0ti. ®itX;^^^h;H^ 

fifzz<r)mix^9 V)uznmth^)vz3-y^]^m.cr>m 



PCAai^^M2 0ti. ®JR;^^:7 hyl^^a 1 0X^\^ 

^tifzmL:^^^ hJv^mA^-^tnmt^zti^zx 

[0036] PC A?m^M2 Oti. ®JR>^'^:7 h/UgJ 
ffi^gl 0;b^^PCAv«»^^2 0(CA:b$n/c®iRX 

?^^^^^^gP2 2^. ^^^^Si^gB2 2T^^$ii;^^#t 
U23b^mtX\^h. 

[0037] ^'^iJ' b/HS#jgB2 1 (i. PRiRX^^ V}V 

^^mmi oi)^hmi^^fitz-m(^mLx^9V)Vi:i& 
mth. x-^9h)mmm2ikz{:i.. mz.&^mw:>^^ 
'j^^mth;ibifx^%h. 

[0 038] :i(7>—m(Dm,ux^9hM±. m^^-^ 

9 Lxm^Ltzmf3'r^/uT\.'i 

aTcOimit. Zcr)Xd^j:m^y'-9Aizm-:S\.^x 

t LXm^LfzmmfiirA.T\^yXtX\.\ 
[0039] ^iD. ®1RX^^ h^miti^S 1 OT'^ffi 

$tiX\^^^. X^9h/mtb^l 3T'l^ffiL 

/L*X^^ h;^5SJ^ti. f&S:ATR:7-i;XAl 2(Cff«$ 

Wl^ZtizJ:KfmmitLX^^h. 
[0040] ^'i^mf^\^^m2 2(i. hjumih 
352 1 tclSlft^ti/c-iao;^^^ h;PSrfflvv ^^^)-tSc^T 

2 2(i:. mm'f-9A^-^. i^-i^m^nn^nm-t^. ^ 
i^•M^c^T?^Jc(i:. }k(oxdcz^m^tih. 

[004 1] 

[isij 

[004 2] zzx\ c, ji±. ^^mnncco ( i . 

J ) I n i ^nX^9 hJUCOmi^-a^. 

X'hh. 

[0043] D-f-V >'i?^^aigB2 3ti. Jt^SJTSM^ 
[0044] o-T >i?^^aigP 2 34i. d±^UrtT^iJ^ 
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«SS2 2T±lKL:^cft^^^^T^Jc7)lRr<:?' hJUt n-x 

[004 5] ^/c. PCA?1|g:^g2 0^i. O-x-^ > 

[0 04 6] D-7-'>r V:/'t§»Sg624ti. X2-^>iV^ 
>^'$rtSS^I>. o-T'>r 2 4 tKi. mx.\ii 

[0047] Xr7rmffi^2 5(i. ®iRx^^ hy^i: . 
u-n" ^vyi^mU2At^ih>m^^^fvtzy)V:2-MZ 

[00 4 8] X3TKa;^2 5ti. a!l^x-:^A2:friB 

Wi-^^9Y)v^mm\.x. ^^F.<^i.o\izmmth. 

[004 91 

[ia2] 

[00 5 0] j:iT\ ^^'^^h/Hj tm:^^9V 

^WPj tS. -f-^x-PixxnT (score) fcn— r >-^' (1 
oading) T'*)!). X3r'<:? h/Wfc O-f'^ >'^^-^^' h 

10051] ZZX\ ^mPii. ^if>tzm^'<.^' hfU(0 

'm\izmm-t&. ^f?yp^c-:>v'.-c. mitj~f^>i^p 

[0052] ^mcommX'ii. V/Ua-XH^ PRIRX 

[00 5 3] y)vzi-x^mzMm-ti>:^^T\,t. mi 

[00 54] ^h\,Z. PCA?m^a2 0C±. X^T^ 
iiJSB2 5T-3tai$iX7t^nri:?l^*»<?, PC ASSIES 

2 0 (c A:^3 ?/x^o i?';i-3-xtlig*>^><lA7-'- 9 5r f^fiic 



[0055] <iAT-:5'f^BEgP2 6{S, i'f-3P*»£,A:^J$ 

itfz^)V:i-Xi§^^W^m.h\^X. X3rsaigS2 5 

«UU»{c J: & <lAx- ^ S: f^^-f * . 
[0056] -r^ri?^. fflAT-^'f^«gB2 6(i, 

^;^^S»^gS2 i \zmWi^tifz-m<r>7.^7 YMzr>\^ 
X. ;^3r®aj^2 5-cs:ajLJtx3rfc, *i-gp*^*>A 

[ 0 0 5 7 J mK'T—^mtwi 8«, fflAT-^'f^^ 

gB2 6Tf^fiK$ix/i^aia{cJ:^flilA7-'-^'^tSjfYt 
h, <lAx-:^'fS*^gP2 8tc«. Wi.tf^«!^^'JS- 

[0058] -eUT, PCA?m^S20«, xnr^ 
aigP2 5T-majL^>:X3Ti:, fliAT'-:J'lSirtgP2 8{C 

^^i•r&^?';^3-x^is^tt3^2 7 1 v^^. 

[0059] ^^yl'3-xiejK^aigP2 7{i, fflAr-^ 

mm2&\,zmn^fifzmA'f—!'<^mm.^w.^^ 

L, X3rg:ai^2 5T^ai$iT7t:;2.3T(;:«JE-ri.^^ 
^SL^:?'/l'3-;?.»K5-PCA?lSCSI!12 0*>^, 

[0060] mTKE^Oj: o {r:^^$n/v:^;l^3-x?iJ^i!l 
^^S{4. a!l^W^^®JRX'<^ h;^^ai^S!?)ATR 
ruxAi 2{;:ff«-r.&-rfcT'SI^-rscoT , ^N*»T' 

^h/l'^liJ^Sl Oco^aiW^/hM^tL, PCA}Sm^ 

g 2 0 ^^mmmmnx'^m- hztx\ w^-ftsrui 
[0061 ] mz. W^ioj: 
[ 0 0 6 2 ] H3«. i/?i-^-x^mm^m.iz^if& 
x^hh. 

(0063} ;^T yrsi ncfc»,^-c. ^iVxi-xmi 
[ 0 0 6 4 ] Wlxtf, m^SKO^/yl-rJ-^^SKL/c 

[0065] f*i*i<o^'/P3-;^ig«{4B#^t ftt^-r 
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PCAmnmm2 0:O<iAx-:5'^iS^SP2 8(C*3V>T, 
^jl^zi-x^Slt X 3 Tcoiti^m^irim L7t glint 

[00 6 6] ;:<.X y7°Sl 2{Ci3V^T, ^^)\^-:i-xm^ 

x\ V)uzi-:z.ms.<^mmi. '^umAic<^i^^x'h 

[00 6 7] Z(7)XT yTS12X'l,i. VtVa-xm^ 
X'^.^' byKC-^o-C, Xxvrs 1 ITiS^L/^fflAx 

[00 68] X-r vrSl 3 •'Tti, x-r-vrsi 

2co^^;l'3-XiiJ^cOfJ^^*a^-r-2.*^t'3McJ: 

tcRO. xx-yrsi \x-m.^\.fzmxT—$'^m\^x 

[0069] fiaj;t{f, :J^yP3-xii«89«^M{i, Xr 

■yrS 1 2(7)i?'yW3-Xiljg>l^^||ff t/cii-g-tCglJ) 
a<»lcx-r yrs 1 2i,z9m^mV. Witf U-b y h*:^ 

[ 0 0 7 0 ] 04 li, fflAx-5'i5^comf*:W^#Je^ 
fcttl)X-f-yrS 1 KO^lAx-rJ'iS^fC^tfBLTVi 

[0071] JaT<omf*tW^r#)l5{c*3V»T{±- J>&j@A 

crymm^tK y)i^-:i-X^UUX'mBLfz'ik. Rf^coE 

mc*)?t->T«RiRx^7h/i-^^ait. iBiBt(=. mui 

xffiS&A:^-r^t<7)t®^t-S. fffe'O^MT'Sl^tJt 

^^Jl-Zi-X^ii. ;/;P3-XMBXh?2 0 Img/l 0 
OmLT'J)^, Slffitf^^relgjittttC. 27 1ing/ 
lOOmL. 4 1 Omg/1 0 OmL. 352nig/l 

( 0 0 7 2 ] XT y^-S 2 1 tfeV^T . y)\^0-xmm. 

Al 2{cfcv>t. C:<7)ATRrUXAl 2«0Rltffl{cE 
[0073] ^%mcr>mMX't,i, ATRrUXA l 2iZ 



AStL/CTtiKti. ATRTUXAl 2<!0^®(Cff«$ 
•5. ATRrUXAl 2{cfcv^t:A»{cJ:0iliRSrS{t 

[00 74 1 ^-r. X'<^' h;U^aiSPl 3T-^aiL/cX 
'^^^ h;P^«*^f>A^+c7)^^XfX(7)^#5:^*t-?,. 

ttz^crmm-i. ATRr'jxA 1 2(c«-ri.ffl^^ 

[007 5] Xx yrS2 2(ci3l^T, ^^;W3-XiRjS 

■a!j^^B<7)PCA?l^^M2 0T(i, ®«X'<^h;W:g| 

h;pis»4^2 1 (.zmmth . 

[00 7 6] XT yrS2 3{cJ3V'>T, ^'Ol^n-Xjftjg 
-rs. A:»3$itfc^^/i^3-xi8S{i. pca«!»:^S2 

o{cfcv^Ts ^mtLxmAn'-9vm.m2et,zmh 

[0077] X-f y7"S24{CfeV^T, :/;P3-Xjlig 

a^^^ti. Xf-yr S 2 1 f^tlJL/c^iRx-^^' h/l- 
t XT- -y r s 2 3-?:'A:'3 L;^ci5^;i-3-xii;g60Mio|gc 

[0078] i/;U3-XiijSi!|^^gW, «c7)Uc*5BTS 
StC^ Lfztm^-f^ b . Jf^SrXT y r S 2 5 

fc^ij^-ri-t, jaS&XT-y7-S2 K-M-To iixtrj; 
oT, $^>tc®iiXx^^' h;l^i:jk^jEE-r§^;P3-xjgS 
cOA:'3iSrfifa. 

[0079] XT yrS2 5tI*3V%T, ^''^Pn-Xjgjg 
■M^^acT) PCAvm^M 2 OT'ti, X'<.^' N/l-tSlftSB 
2 1 {=1g#i§*t3t-ffl<7)X'<i7 hll'im^^L. *«-SJt 
ff?iJ^ilS2 2tji-S, 

[0080] UlSti, X'^.:? h;l'*g»^gB*^^.S!;?iai$n 

[OOSllttHa, b, c, dti, :/;Pn-xjiS4 
lOmg/lOOmL, 3 5 2 m g/ 1 0 0 m L, 27 
Img/lOOmL. 2 0 1 m g/ 1 0 0 m L{Z^ix-e 
it^^JBLTV^i.. aO^{i, ^S;;*-'7 5 0cm- ' -4 0 
0 0cm- J <r>WStC 1671 ffl<50^tC-PV^-Cff-> 

Jt. isiftti. ?RiRX'<^ hivffmm (ffsmfi) t-J) 

[0082] XT yrS26(3iiiV-it, PCA?S»^a 
2 0(?)^t^»5^Tm«gP2 2U. X-<^' h^PtS^g|52 1 

[0083] XT-yr S27{^^JV^t:, PCAmS-^m 
2 0«a— f'-f >'^"^tb^2 3«, XT'y7-S2 5lCl3 
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[0084] n-x>f l^i!^Mlh^23^i. ^^mfn<0 

wmmtm^^i^ h/u^mtB-r^c mi^^mrnc^m 

[0085] (1.119x10-3, 3.478x10-6. 9.132X10 

-7. 9.331X10-S) 

[0086] m%m^m(DJ^~^>^-iyi,i. 0 

[008 7] (9.9608X10-^, 3.0961X10-3, 3.1289X1 
0-«, 8.3060X10-^) 

[00 88] ZcO^^—^yr-iyli. ^mH'^l^hJUi)^ 

[0089] $^>(c. u-^' ^ yy%\^^23{i. mi 

[0090] :¥mmcrymmTit. f*aj$iXJ^^o-x > 
^mzMzhfz^X'^h . 

[009 1 ] XT /rs2 8(c:i^v^T. PCAmnmm 

[00 92] Xr*yrS2 9(Ci5V^T. PCAi%%mm 

2oox=7rmaigP2 5(i. h;^i§*i^a5 2 

d-x ^ >^1glrtSB2 4(C 
[ 0 0 9 3 ] 06(i. Mea-x < >'i?''(c*fJC-ri>X3 

1 mt-^-m^ mm(r>m&mif2 o i m g/ 1 o 

OmL. 271mg/100niL. 410ing/100 
mg. 352mg/l OOmLtC^iE-r^* 

[0094] :^mmcr>mmx'it^ h#s<3oo-t ^ 

^zX On^Lfz::^ar^m^^hi)Hz{±mAm^^^h 

^\ 2mmhL<i^:^3^mz±^\m^m(,ztis&thxD 
mmtB:\^^mmmzhh. 

[0 0 9 5] 07ti:. $>hmmmcomAr'-l^tLXi^ 
tif^XtiXh. 



[0096] xxvrs3oeci3v^T. PCAmnmw 

2 0<7)fiA-r-:^f^«ge2 6^i:. xnT^aigP2 5T'm 

&^h. m7^<nmm^i^^^fifzim.mrchh. 

[009 7] XT- y7*S3 l^ci^V^T. PCAig^M 
2 0<7)fiAT-:^1§JrtSB2 8ti. fflAT~5^f^^g»2 6 

[0098] 08^i:. y)l'^-:^m^m^cry^Wm^j:^ 
M'^^^yu-'^^r—hX'hh. <r<7)Hl<7)#Jll(i. ^ 
3(ciD^t^XT'yrs 1 2<7y^)\^a-:z.m&wmznm 
LX^^h. 

[0099] XT*yrS4 l(^cl^V^T. ^;Pr7-xigJK 

(i. H4<7)XT*yrS2 1 ^|5l:^T'*-S,. 
[0 100] XTvrS4 2CCi3V^T. :^';U3-xa!l^ 
^Bco P C A jS^^M 2 0 ti:. B?(3<^J^ Lfzimmcom 

>( yymm^2 4izi^m^tifzm2ti^'f 

[0 1 0 1 ] XT'yrS4 3^Ci>V^T. PCAil^^S 
2 0cOXr7rS:a5gS2 5r(i. XT^yrS4 l^li^l^T 

XT'y7'*S4 2tc:i^5V^TC7— T^>':^airtgP2 4*^ 

[0 1 02] XT yrS4 4(Cii5V^T. PCAjSI^^B 
2 0(i. <iAx-:^t&*^SP2 8*^^«iaig{cJ:-SfflAT 
-^Sri^^^aiL. ^;U=7~XfUg^ai^2 7ezjMI)o ^ 
(r>^m±. m7liZ^Lfzi:o{,z^ ^/uzi-:x^mmtx 

[0 1 03] XT*yrS4 5tC:feV^T. PCAmM-^M 
2 0c7)^VPn-xSUg^a3SS2 7ei:. XT^yrS4 3tC 
m^XXzJTMa^^2 5X^mLtzXaTi,z-:>\^X . X 
T -y r S 4 4 CCiD V flAx - 2 8 ^blft^ft 

L/;:fiAT-:^?r#gSf -l>^:^T\ ^)Va^xm^i:% 
ffi-r^, ^LT. S[aiL;t^;Ur?-x«iS5:. 
XffiJgcoSJ^ffl^ LTC(7):/;U3-Xi8Sa!l^^S:6^4> 

[0 104] [19ti. ifk&^hnmthZtizXhxa 

^sja*^^>xr?rs, tc*tjS-ri>^'V^=7-x?ajg^ 

LT3 0 6mg/l 0 0mL;i?>^i4>iXi>, 

[0 105] z<7:)t^<7^mMmmm.t^3 5smi./\ o 

0 (c . ^mmcomm^z x h ^^^vun -xigj^ai^^gtc j: 
1)^. i^^m<^±2o%<mmitm'tht. nm,t±^ 



[0 106] ^:i>, m^(ommi)^^m^i)^^J:oiz. P 
CAiSS:^g2 0eci3(t-g)X^^ h;P<g^^2 1 . 
tj^^T^J^gp 2 2 . n-x >f V^^ajg? 2 SSlXfflAr 
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